ward copy (HO

s ' * ’
! ’[
‘ SCIENTIFIC TRANSLATION SERVICE
4849 TOCALOMA LANE
LA CANADA, CALIF, 91011
VEASUREMENT OF TEE DIAVITER OF YERCURY BY T2%
\LASIE%;S‘;RUNG VETHOD ON NOVEMBER 7, 1960.

1. Hugon, J. R¥sch

Tvansla

f

)
3

> 0
i

-
panvre A1n DT AmBtro de Varpure D2y L2
Megure 4U or

T ‘
viérhode Ao Fertzsprung L2 7 Jovemoer 10607,
L = - ) “__3' /1’\-—[4? <96[‘.

Icarus, Vol. 3, 7% 2 L. -

\ Tranclated Foxr:

—

s T .QTON TLATROTPATORY

2 JET PRODULSTCN LARCTATORY

- T -

o PASADENA, CALITCIXNIA

% ~GUST, 1957

=t 7]

£ 8

Y

5 3

= ]

2 o

¥+

-
L

WP
{ACC é

CODE)
g
§ PAGES)

<] {

[

=

%

L

=C

W

5%

UMBER)
oG on K ox Ao X
N



MEASUREMENT OF THE DTAMETER CF MERCURY BY THE
HZRTZSPRUNG MEITHOD ON NOVEMRIR 7, 1960.
H. Camichel, M, Hugon, J. R3scl

.
B M. Hu R3sch

Pic du Midi Cbservatory, Basn2res-de-Rigorre, France

ABSTRACT. Observations of the transit of Mercury on Novemhexr 7, JLIo
1960, by Hertzsprung's photometric method and their reduction are des—
cribed. A general interpretation is given of the discrepancy betwaen

double~image micrometer and photom etrlc measurements of small discs.
complete
-

Laboratory experiments have been conducted, a2ffording a
agreement with this explanation. The effect of the 1im
oi the hole wused is also discussed and
the proposed values are 6"84 + 0"03 £

distance, and 5.02 + 0.07 for “the den

™
108

As A. Decllfus discussed in omne of the lrngt Zgsue
(Dollfus, 1963), we took £
Sun on November 7, 1960, in o*dpv to mea

s of this nuhlicatieon
Ve Preury in *“0““ cf the

sure cent diameter and
to confirm the recom"n“d”:LOﬁs cf commisgcion ;o. 16 of ﬁ%e I.A.Y. Two of
us (Camichel and R3sch, 1952}, when we nudlichad tha meassurements ochtained v
means of a double imacze M‘PVﬁMet.r 2 the rphoteometric method svn—
gested by Hertzsprung, indicated %’ i
between the results ob“a*ner uith c ne

stated why the second method shovu

emploved leboratory methaods (c; \ whlch confirm this noir*

of view and lead wus to believe with more ce at preference shou e

given to the value obtained by the Jertzsprun d, and that it is not advisable
to adopt the average of the latter and the on ned from measuremenie with

the double imaze micrometer.

We felt it was necessary to Justify this choice by publishing
th details of our observations of the sky and cur experiments In the

e
laboratory.

-
]
wn
(]
O
1
3
{4
[
3
td
g
13
N
N
i
3
4
.
(%]
4
&
13
2]
3
5]

ed to eliminote th

We wanted to use an arrangem
ferences from one peoint to anothe
note distributed by commission 16
place, so *tha*t the chservers coul
built, but a period of several we
the morning of November 7. Becau

£ the photesnhere and we

.,

* Numbers in the marein “nd cate nac
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Figure 1. Examples of Recordings (Nes., 5 to & in Table I)
During the Passage of Mercury in Front of the Sun

(1) ~ Passace of Mercury.

corrected on location,
than had been planned.
the image of Mercury in
Sun, the image of the pla
motion. The photecelec:r
tions (see below) and wh
completely outside of the
recording is made.

ITI. ANALYSIS OF TFE RECORDINGS [0

- / PR

nd 15 hours 20
-

Universal Time, TFigure 1

Tomtne vamavle

In this way we obtain 16
o

can be applied to then as

(a) In the leower nart varictions=

[ GRS O U,

whose relative Importance
value, i.e., as the imege
the hole is illuminated hy o

( Vaovenrw) ava
21l lo d g Zenvanne of
atmoso c ptic i nth distance (which ws large o2 the
beginning of the passage). The s recewiine mada
indevendently (through another ob enuatorin~l
meunting) in order to con<trol the narenc Curing
the duration of a record’~z. The ard no slon’ T oans

3]




variation was observed. The "hooks" which appear before each return to the
minimum are due to re-centering metions which bring a2 region of the photo- .

sphere which is closer to the center of the disk, into the hole.

(¢) 1In almost all passages we observed ore, and sometimes several,
"humps" which had variable amplitude and whose distance corresponded to the
centering of the image of the planet in the hole, which heightens the recoxding
for severzl tenths of seconds.

These particular features can immediately be explained if we assume that
the atmospheric turbulence spreads out the image of Mercury until it temperarily
touches the edges of the hole. The tru

e curve to be used for measurements
would not be an S-curve, passing at equal dist il
makes up the recording of the recorder, but t
excluding the "humps' which correspond to a »
that the image is never entirely in the interior
nomenon of the image explesion In a very short
Explaining the fluctuations when the hole cortains the imaoe of Mer-—
cury by "swarming' of the granules,which would have a relatively » eff
for a less extended zone,seems rather unlikely, because the ¢iffer
recording from the minimum to the maximum is vother lerge. Ixperiments
out during calibration of the avpparatus, which w21" be discussed lazter on, con-
firm the first intevpretation end led us to Jdiscrxrd = ec z
assume that the value of *the flux ratio wizh Mercury/ o)
ratio of the ordinate of the lower envelone of =he re i

curve., However, as we hva
due to the increasing atme
pick up the former again =
second at the end of the -
the upper ordinate of the
assage, because the recentar
center of the disk into the field
e then use the au "7"c*y rocor
between the ordin

t the end of t.e

T

"3

né the cﬂn“
al

ratio, results in
nate of the lower bezinning of Lnn ““vﬁﬂqo
TARLE 1
Passage Yo. 1 o R . . G = "1““
. " . - ) ~ bl
Time, Universal Time e .. on or on o . .
Zenith Distance 1I38m 15 m 20 m 25 m 20m 3G m 4 m S
e o ; 75.5  76.7 77.4 78.2 79.0 70.9 8.7
1 Sra r - Oy ey - - Vi oy il gy ——a .
Mercury Area/Hole Area g qnse’ a9 2650 3504 7826 3507 Pl
Passace No. Q 10 11 12 13 14 15 te
Time, Universal Time 1I5h3m 35m 3m  6hd4m Tm 11m 5 m o,
ZC"I'? tll '\lqt-:l 201 82.7 3.2 S 84.6 85.3 S50 hSE
0.3761 364 3789 061 2320 3207 3507 R

Mercury Avnﬂ/“nl Arna
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gure 2. Values Obtained for the Ratio a/A of the area of
e Image of Mercury to the Avez of the Hole, es a Function

i
h o
the Zenith Distance z.

b}

The change of the ratio cbtained with *ime
the complement of this ratio to one (i.e., the
of Mercury te the area A of the holz)., Tigure

number as a function of the zenith distance.

r than 211 the othera. Since we
background, a larger calibration would

hus In an exaggerated value of the meas
latter nassaces shou

It is seen tha* +the four latter na
a

(D

(T oth oot
Q
o
3

> for a swaﬁler deg
«=d in such a way that
the maximum of frequency as a
they cover. In fact, one rather
around 0.378. We can assume that
is afFected by a ce taﬂ'n inev:tqb

eystematlcally lower va;ues. Wit
eliminate the six smallest values
by a considerable gap. The aver
we do not have a larce nurber of

all strictness, we should take the ense~b> averace, wh«ch is 0.3705. The
appearance of the curves on the majeority of :the recoxdings resulte in emall
values, which makes the explanation given sbove very lilkely. We also ascume
tl e) which 12 be made ¢

hat better measurements (larzer hele) which con
1A 4

would result in higher valves, Later on

4 ;




must be applied to these numbers and we will examine the numerical repercussicns
upon the value of the diameter of Mercury.

IV. CALIBRATION OF THE APPARATUS

We attempted to reproduce conditions in the laboratory which were as close
as possible to those under which the observations must be made. Without touch-
ing any of the adjustments of the apparatus, we projected the image of a uni-
formly illuminated region  in the focal plane with a2 known enlargement. The
image was obtained by means of an objective which had the same relative aper-
ture as the one used on the sky. Its focal length was large enough (315 cm) so
that the pupils, located inside the apparatus, cccupied essentially the same
positions. In front of this uniform region, we first placed opaque disce cof
known diameter which were increased In such a way as to reprocduce the
passage of the planet. . In order to have an independent control method,
we also used the straight edge of an opaque screen, in order to determine the
diameter of the hole from the curve which gives the flux trensmitted during the
course of the progressing obturation.

a. DPassage of Calibrated Discs

They were made from steel balls. The ball Zs cemen
a glass plaque and then rubbed with emery on a flat

-

™
yond the diametrically opposite plane is obtained, so
a

o
o)
M.
=
}—h

T
52

colonhare o
m

until the point be-

an acute angle. ts plane side is then cemented to glass lamina which can he
moved in front of the illumineted region , after micresconic measurements

of several section diameters have been carried cut. The dimersions used exterded
from 3.0 to 4.2 mm., They can »e considered feo de known within a nrobadle exvor
of + 3u. —

The calibration method consists of me atio a/A,just as in the sky
measurements, for various discs, and to cb T phic interpolation, *he
diameter of the one which would have resulted in szme ratio r I
the enlargement of the projection of the disces is krowm, the linez
the image of Mercury can be derived. Its a diameter can b

using the focal length of the cobjective used in the sky measuremen
The essential difference between these measgurements carried out in *the

laboratory and those made in the sky is the fact that they do not show the fluc—

tuations observed when Mercury was centered Iin the hole. We took adventace of [&14

&

<
this arrangement in order to find ar explanation cf the phenomencn, which we
I p s
were effectively zble to reproduce bv causing a strong thermal perturbat
the trajectory traveled by the Deam bDetween the source and the oblec:i

4

fluctuvations already appeared when an electric racilator was used. )

come very substantial 1f mixing of the air masses is introduced by agitatine a

paddle in the vicinity of the apparatus. TFigure 3 shows very clearly thet the

trace obtained without turbulence is a good
hs

as we have assured. The lower

b4
envelone of the trace Is perturbed. £ the perturbation is strong, the “race
leaves this envelope and sheows 'aumns' of the same fype as were ohserved In the

SXy.
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L0l CO use ralios measus
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niuserouenis of this type, and to cou vaive obtained after obturation o

a screen having streigit edses. definite value of the diameter

i
1s then decided upon and the diameter of idercury is derived. Th
as follows:

(0]

+h

QDLaleter o

the disc (mm) 2.951 3..59 2.592 4.008 4.198
Silameter of the hole virtu-
ally aduced into the

zliane of the disc (mm) 5.757 5.830 5.819 5.834 5.853

The average 1s 5.827 with a probable error of £+0.010 for one measurement.

dency toward higher values in the case of the 1argest discs may.
indZcate tnat the passage of the disc in froant of the hole took place slight-
ly coo rapidly and that the deviation of the recorder did not reach its minimum

2

cntirely. The average value shown above will therelfore usually be too high.
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b. Passage of the Straight Edee of a Screen
This screen consisted of a razor blade carv: he carrier of a micro-
meter ocular (reticle and opt*cs Vemoved) The enl ement was the sam e as in /&5
the preceding operation. The flux entering the was measured for a
series of positions of the screen, located on a millimeter scale.

Let us draw the curve showing the flux »s a function of the position of
the screen and let us determine the position which results in a flux wnich
exactly one-half of the flux found when there is no obturation (which we will
assume as the unit). The edge of the screen then passes through the center of
the hole. Let us now call x the 2bscissa of the screen measured ‘rom this po
tion of the origin. Let 2w be the arc of the circle delimited by the non-
covered edge of the hole by the edge of the screen,and p the ratio of the non-
obturated area to the area of the hole. R is the radius of the hele. We hove:

( 1, N\ oo
p= -l —sihwcose) and v = 1 cos .

The operation consists

of p calculated by the 2
off the experimental vaTueQ of x,
used four values of w In
accuracy, as well as the
values obtained for R elinm’
The numbers are as follow

w(degreed 15 "0 5 ) 105 1on 195

O = 0,0008 N oronn n 0.anTn [AANENAIATAN) Qe Rty [ANRATIATE)
R 0. nLE0N0y 0L : AR

R/x = 1.4 2,000 2 . 3.85¢ — 380 2080 1o

the curves

The last line glves the crpantiti

must be multiplied in order te obh=ain R.

We ca d hole.
Following the s ob s roduveed
in the plane of the screen)

Direction: a a a y e o
.81 5,790 5.770 5.778 5,825 LR

Diameter (mm)

The average e erroxr of 40,025 4n

the *wo me+r=Al of AT N~
e WO metooos o

tion ove*lan hut the method oFf

he =screen seemg e less accurate than the
method of dlscs If we take a general averase by giving dﬂann voiﬁHts o tha
i £ letizion hol

latter, we finally
re

with a probable 00. we mu
cf the calibration cvs .08 0.02C8), and 22
the objective used for the shy experiment (G040 & 5




by the number of seconds in
diameter of the region isolated on the Sun during

16"40 with a probable error on the order of 0"05.

Let us again consider the values previously
area of Mercury to the area of the hole, or 0.370

measurements and 0.3785 if we only retain the hig!

the square roots of these ratios by the diameter
following for the diameter of Mercury during the

we obtain the feollowing

£ 1 1
for tne angvliar
the passage of Mercury:

found for the ratio of the
5 for the rough average cf
her values. By nultiplying
of the hole, we obtain the
observation (distance 0.6754)

the

gmeg 10709
and at unit distance 6174 6"81.
The probable error on the hole diameter is translated into an error of 002 in
the diameter of Mercury at the unit distance. The systematic correction which
we wil ly in the following can only increase the above values.
V. COMPARISON WITH THE MEASUREMENTS
CARRIZED OUT WITH THE DOUZLE IMAGE
VT ORONTTTD
Dollfus (1962), in the ar+icle mentioned 2hove, save results of variouve
observations carried out during the seme passage. The rough average of tha re-
sults gives the diameter 6767, but the average of the obqerra+"nﬁo with the
double image micrometer and bv phot nsult a3 6772, respectively,
In addition, the measurement of H. b 29e micrometer

was arbitrarily increased by 17,
sprung method is the first val :
than the defdi 1ich v
between the two averages could

than the dispersion belonging to

ne

te value to wh

Experimenters (Doll
effect in the measurement
defined using a doubl

(a) Let us observe a band with
dark background or vice verss) with

-

recti
a small resol

~

its size, which we measure by means of a double imeg

tric ﬁvoF17°s of the Imeges are symmetric with
and the illumination at this point is equal
tion.

The superposition of the two images results in a2 =
geometric edges coincide, and there is no systematic eryo
the case when we have a disc verv 1

the limit of resolution,

linear ed

to o“e—ha‘c of

illumination is one—pa*F oF *“o "ﬂﬂﬂorm n
lameter. This is truve whether we have sc on a d
dark disc on a bright background. Thus, aration
precisely equal to this diameter, the $17uminatfion at the ¢
centers is Increased in the rcase of dark discs and dimini
£

bright discs. TIf the cbserver tends to cbtein a

//

f)
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Figure 4. Effect of a Faulty Adjustment Spot of Radius r on the
Increase of the Diemeter of a Disc with Radius R. On the Left, Disc
with Illumination E on a Black Background. On the Right, Black Disc
on an Illuminated Rackground E. Dotted Lines Show the Addi<ion of
the Illumination of the Two Images.
line of centers, he will measure a diazmeter vhich is +too small in the *“wn cases

Figure 4),

(b) 1In addition to this
effects can be superimposed,
oi contact of the two images,
measurements a priori,

R ]
We built a lahoratory apnaratus which nroduces an
ar

onague disc on a bright, uniform backgrovnd under conditions su heowing
these deviations (Figure 5).

In front of the diffvsor D
calibrated disc R (diam
1

e
with a focal len~*h of 2
3 a

an image on the second diffusco

which has edges which are more
with a focal length of 25 mm
of Mercury had on Ccteober 7,

was used for the measurements
this same micrometer of the Lyvo
after a transformation of the imao

date the increase.

N
J

'._l
%o}
e 1 O\ |4

=
=3
or

In order that +he measurementgs are direck

D




Figure 5. Diagram of the Laboratory Device
(see the text for explanations).

that the object observed on the diffusor D, be defined as the transformation

2
of an.opaque disc with a fixed diameter txan
function applied to each of its points. Th

formed by a certain dissipation
2

5
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ct
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)
jon
e
O
=
0
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Iad
»
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D
2
i
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it
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2
scale of this dissipation functionwith respect to the geome:ric dizmeter (dia-
meter for zero dissipation). Any dissipation function can be obtained by in-
serting a screen in the bundle between 0, and
<

transparency which varies from one noint to ancther which isg ~vac
C ta i

sented by the desired function, and by placing DZ at a certai

e 0bZains the desired dissinat

'

the focal plane of 02. Thus, o

the contour of the object
defire a projection with

consecuently result in a projection on the diffusor D, which is identical +o

itself no matter what the defocalization <s.

In this plane one can place a screen whose transparency veproduces th

X (&
distribution of the illuminations in an arbitrary dissipation figure. In foct,
the dissipation functions ' encountered in practice all give the illumination.
function near the edge an  S-shape whose entire central part will have 2 sleopa
which Is very slightly different from the slopa at f Inflection,

Let us draw this curve, and take as the unit on the abescissa scale the vad<vs of
the geometric disc. The unit of the ordinate E ordinate of the
origin. If the ordinate perpendicular o the equal %o

/2 +y (y > 0}, and if the slope at the same amount by which
the centers of the two discs must be moved cl so that the
illumination along the line of centers ann chviously ecual
to 2 my. Even 1f two dissipnation ) relaticnshins
between m and y when thelr size parameter is o

correction to be made to the measurements will

c
of the geometric parameters belongcing to each functicn, which results *n *he
same value of the product my.



Figure 6. Slope of the preofile at the Geometrie ‘
as a Function of the Complement y of the Crdins=e 2t the

13

Value 1/2, for Dissination Furctions of AL y (A), Gauss (&),

and Defocalization (C).

We carried out the calculation of m and v for the folleowing:

an Airy function whose first black ring has the rading o +imng
f the geometric disc;
a Gauss function whose ordinate is ecual *o l/eat a distance Svom +he
center equal to g times the radius of the geometric discg

a circle (CEfOCQ.l:’_Z?.‘:f_OT‘.\ function whcse radivs is equal to ¢ times that -
\ / - i
oI The <

Figure 6 shows m as a function of v for the three fvnctions, where *he
values of a, g and ¢ are parted along According to wha*t we
have assumed to be *true, t c values cf *he corroc~
tion (labeled in nercent gre ecullateral hy-—
rerbolas and are shown in fah ~hola wish

the three curves
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Figure 7. Double Image Micrometer Measurements of the

Diameter of a Small, Black Disc on Bright Background,

ith a Defocussing Spot with a Radius Lgual to ¢ Times
s

the Radius of the Di

Ty rape - . N N ;
4, Ce. Boyer; ©, . Camichel; 4+, ¥, Chauveaun; O, A. Dollfus; o, M. Fugon; ]
X, J. Rosch.

¢. Chservers:

ESRERIE S &

one obtained values which differ considerahly frem the average of the othaxe

Figure 7 shows the results obtained by seven different cbservers, Only

(and who carried out a smaller number of measuvrements). Figure

Tigure

comparison of this average and the calculated vzlues of my

tion corresponding to the measurements. The dZfferen
e

"
is less than is found between observers. More nrecisely,
measurements were carried out in two directions of double
micrometer, which are parallel and pernendic:lar to the 1
tively. The difference between the two ser

C
and changed gign from ona measuremant *to the o<her so th

P A L) 5.0 S

12
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Figure 8. Solid Lines:Avercsce o€ the Siwx Ohservers
Grouped in the Dest Way. Dcited Lines: Curve Derived
from Curve C of Figure 6.

we took the average of the two.

One also notes an excell
with the perfectly adjusted microme

of the object and the charactert

hatween

“he valve caleu

This agreement makes 1t possibl
above,

Having interpreted the effact of the annaront
this way, we may lookx for the dissination function
difference between the averaces of the disrmeter of
by the two metheds, which is .5 to 3% annroximatel
take a more accurate number). Denendine on the tv

roeduction of the dlismeter n
canzble of exnlainineg the
i - P e () - =
Merxcury on Noveormher 7, 1240,
. e e e
y (it would be illueory to
ne of function, one finds

the measurement carried cut
lated from the Jlc-eter

- .

al. increase.




either a defocussing circle with a radius

of 2", or a Gzussian

distribution in which the illumination is divided by e at 1"6 from the center,

or an Airy spot whose

first dark ring will have a radius of 4",

It is this latter function which is the most plausible one (possibly
augmented by an adjustment deficiency which varies with the deformations of the

wave surface).

The Gauss function, considered in principle, decreases in an

exponential manner which does not represent the nature of diffraction phenomena

encountered in practice.

VI. EFFECT PRODUCED BY BROADENING THE IMAGE

ON PHOTOMETRIC MEASUREMENTS.

The fluctuations which we found in the recording of the nhotoelectric
current can be explained either by the variation in the broadening cof the image

between a minimum value and a maximum value, which is more or less stahle, o:

motion of the center of the image, or by the combination of
two. The motion Zs much less effective then the broadening change, 2s tc 2 e
extent, the flux obtained from the side where the image is extended from the edge
of the hole compensates .for the flux loss on the other side

by the random

edge of the hole Is to the inflection of the profile of the image, the morae

accurately this will be the case).
in which the variation of the broadenin

Therefore, we have only considered the case
g alone is present. el

It is understnod

that a small fraction of the total effect, which is difficul: to estimaZc, can

be due to motion.

38

Fraction of t

Figure 9.
Outside of a Hole With
of 1.64 Times That of a
an Airy Function (A) %ho
Black Ring Has a PRadius Fe
a Times That of the Disc.
Dotted Line Shows *he Real ~ction
which is Assumed. G and € are Cuvves
Corresponding to Gauss Functions and
Defocalization Functions which Result
in the Same Value of my as the Airs
Function A.
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Figure 9 shows, for the case of
a bright disc on a black background
as a function of the radius of *he
Airy spot referred to the radiuns of
the disc, the fracticon of light
falling outside of a circle whese
diameter Is 1.54 times the diometer
cof the observed disc. Th

- 1

will have the same effect

ing "black" and "light') as for

tating
a 2070 iImage of Mercury on a 1674 [421
ie. We show the curves (by mak?
the abscissas correspond which cause
the discs to approach each other in
the same amount) for the
circle function (obviously out of +he
uestion for this phenomenon) znd the
auss Tunction which does rot fit
either, because it is precisely ¢he
elongated regions which come into
piay here, Cn the other hand, i+ is
own that the forms of
rofiles found in pract
genereal result in highef orcinates
at a certain distance from the center
than the Alry function, which is

=nd
o]

e

0N



most representative at the center. The result is that on the graph the real
curve must undoubtedly be placed above (dotted curve) the calculated curve,
by an amount which is difficult to calculate.

This curve and the recordings lead us to make the following remarks:

(a) The amplitude type of the fluctuations observed (see, for example,
in Figure 1 the passage which begins around 15 h 36) corresponds to a difference
between the average current and the low envelope on the order of 11% of the
difference between the currents with and without Mercury. This quantity measured
along the ordinate scales must be entered in Figure 9. The corresponding
abscissa is on the order of 3"5, which is in very good agreement with the radius
obtained in order to explain the difference between the measurements mace by the
two methods.

(b) TFor the four last passages (see Figure 2), the low envelope of the
trace already results in an area ratio less than 157 at the maximum value given
by the preceding passages. Stated in ancother way, the broadening will always
be greater than 5" at this time, which is completely probable {sec z > 10!).

It can be seen that the fraction outside of the diameter of the hole Is
not negligible even for very weak broadening: it could be equal. to 1.5
to 2% (depending on the value of the excess above the Alry curve) in *he
case where the theoretical resolution power of the objective of 38 cm, which we
use, is reached. Here we are dealing with an unavoidable, systematic effect 13
which of necessity makes it necessary to Increase the diemeter of Mercury found N\

Considering that the lower envelope represents the flux received under
optimum conditions, the correction to be made fo our measurements wi a
from 005 to 0'07. From this we obtain the limits 6"79 and 6”88 according to
which we tzke the average of all cur values or of the six largest ones. We
would like to note that the measurements of J. L. Lercv (Dollfus, 1263), carried [&22
out with an objective 95 mm in diameter and with a 18733 hole, must alsc b

L1

s

corrected between 2 and 2.57% in the diameter, or 0"13 to 0"17. This cuen
added to the published value will result in 6%83 to 5"87, which is in very geed
agreement with the above numbers.

@ At the time we finished editing this article, M. Zwaan, from the
Utrecht Observatory, was kind enough to send us a note in which he
based on our first publication{Camichel anc Risch, 1262), that our
analysis cannot separate the meagurements of the broadening effect iad
the hole, which he assumed to be important and apnroximately constant, . T&

seems to us that this property of being constant does nct conform with reality,
We believe that the lower envelcope of the trzces corresponds to a minimum

broadening near the theoretical value (without which the small dispersicn of
the measured values would he surprising
. o
t

Y. I=% would then suffice to make a
small correction to this value which would remain small,and we estimete that by

oy e
I [

to values on the order of 4.5 as M. Zwann

=
0
14
joN

then the density would no*t be rad
has suggested.




VII. CONCLUSIONS. DIAMETER AND DENSITY OF MERCURY

We believe we have given a quantitative interpretation of the deviation
between the measurements carried out with the double image micrometer and the
measurements using the Hertzsprung method. We therefore recommend that the wvalue
obtained by this method be adopted for the diameter of Mercury at unit distance.
Taking into account the systematic correction found in the preceding paragraph
and the probable errors determined above, we finally propose the wvalue obtained
by giving double weight to the higher values, i.e.,

6"84 + 0"03 or 4960 + 20 km

which, if assoclated with the mass found by Rabe, results in the following for
the density:

5.09 + 0.07.

This value of the diameter is slightly higher than the one which we gave pre-
viously. After all the revisions have been carried out, we consider this result
as the final (ne varietur) result of our observations, without discarding the
possibility that later observations, which will take into account our experience,
will result in a number which is slightly higher.
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